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FTXR.TION OF MJCI^OTTnE DBRIVATTVES TO SOLID CARRIER 


f IBID OF TTIE INVENTION 

Thig irjverxnion relates to a solid carrier to which 
nucleotide derivatives (e.g., oligonucleotides, poly- 
nucleotides, and peptide -nucleotides) are attached, which 
is generally nsroed DNA chip and which is favorably em- 
ployable for detecting, with high sensitivity, 'comple- 
mentary nucleic acid fragments. 

BACKGROUND OP THE P JVENTION 

Detection of a nucleic acid fragment is genera,lly 
performed using a probe dna. which is coTtiplementary to the 
nucleic acid fragment to be detected, by way of hybrid- 
ization. The probe DNA is generally fixed to a solid 
carrier (e.g., solid substrate) to produce a DMA chip. 
In the detection, a nucleic acid fragment in a sairple 
liquid is laibelled with a fluorescent label or a radio- 
isotqpe label, and then the sample liquid is brought into 
contact with the probe DNA of the TlJSh chip. If the la- 
belled nucleic acid fragment in the sample liquid is com- 
plem^tary to the probe DNA, the labelled nucleic acid 
fragment is combined with the probe DN^ by hybridization. 
The labelled nucleic acid fragment fixed to the DNA chip 
by hybridization with the probe USh is then detected by 
an appropriate detection method such as f luorometry or 
autoradiography. The DNA chip is widely employed in the 
gene technology, for instance, for detecting a comple- 
mentary nucleic acid fragment and geguencing a nucleic 

acid. 

The DNA chip is described, for instance, in Podor 
S.P.A. , Science, 251, 767(1991) and Schena M. . Science, 
270, 467(1995) , The DNR. chip is understood to efficient- 
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ly ca,etect: a small amount of complementaFy nucleic acid 
fragrcients in a small amount of a satiple liquid. 

Detection of nucleic acid fragment using an electro- 
chemical label is also )aiown (Japanese Patent Provisional 
5 Publication No. 9-288080. and a preprint of the 57th 
Analytical Chemistry Conference pp. 137-138 (1996)). 

The electrochemical label such as N-hydroxysuocin- 
imide ester of ferrocenecaxboxylic acid is attached to a 
probe DNA. The probe DMA is fixed onto an electroconduc- 
10 tive sxabstrate having an output terminal. In the detec- 
tion procedure, a sample liquid containing target nucleic 
acid fragments is brought into contact with the probe DNA 
having the ferrocene derivative label in the presence of 
an electrochemically active thread intercalator. The 
IS target nucleic acid fragment, i£ it is complementary to 
the probe DMA, is hybridized with the probe DNA. Into 
the formed hybrid structure, the electrochemically active 
thread intercalator is intercalated. Thereafter, a po- 
tential is applied to the electroconductive substrate to 
20 measure an electric current flowing through the ferrocene 
derivative label and the thread intercalator. 

P.E. Nielsen et al., Science, 254, 1497-1500(1991) 
and P.E. Nielsen et al.. Biochemistry, 26, pp. 5072-5077 
(1997) describe PNA (Peptide Nucleic Acid or Polyamide 
25 Nucleic Acid) which has no negative charge and functions 
in the same manner as DNA does. PNA has a polyamide 
skeleton of N- (2 -aminoethyl) glycine units and has neither 
glucpse units nor phosphate groups* 

Since PNA. is electrically neutral and i^ not charged 
30 in tiie absence of an electrolytic gait, PNA is able to 
hybridize with a cotrpleTPentary nucleic acid fragment to 
form a hybrid which is irare stable than the hybrid strxic- 
tujre given by a, DNft- prove and its compleTnentary nucleic 
acid fragment (Preprint of the 74th Spring Conference of 
35 Japan Chemical Society, pp- 1287, reported by Naomi Sugiraoto) , 

Japanese Patent Provisional Publication No, 11-332595 
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describes a PNA probe fixed on a solid carrier at its one 
end and a datection inethod utiliziiig th^e PNA probe. The 
PNA probe is fixed onto the solid carrier by the avidin- 

biotin method. 

The aforementioned P,E. Nielsen et al.^ Science, 
254, 1497-1500(1991) also describes a PNA probe labelled 
with an igotope element and a detection method of a com- 
plementary nucleic acid fragment. 

Since the PNA, probe shows no electric repulsion to a 
target nucleic acid fragment in a sarrple liquid, an im^ 
proved high detection sensitivity is e>;pected* 

At present, two methods are known for preparing a 
DNA chip having a solid carrier and oligonucleotide or 
polynucleotide fixed onto the carrier- One preparation 
method comprises preparing oligonucleotide or polynucleo- 
tide step by step on the carrier- This method is named 
"on-chip method" . A typical on-chip method is described 
in Foder. S.P-A., Science, 251, page 767 (1991), 

Another preparation method comprises fixing a sepa- 
rately prepg,red oligonucleotide or polynucleotide onto a 
solid carrier- Various methods are taaown for various 
oligonucleotides and polynucleotides . 

In the case that the corrplementary derivative (which 
is synthesized using niRNA as mold) or a PGR product 
(which is a DNA fragment prepared by multiplying cDNA by 
PC31 method) , an aqueous solution of the prepared DNA 
fragment, is spotted onto a solid carrier having a poly- 
cationic coat in a DNA chip -preparing device to attach 
the DNA fragment to the carrier via electrostatic boxid- 
ing, and then blocking a free surface of the polycat ionic 
coat , 

In the case that the oligonucleotide is synthetical- 
ly prepared and has a functional group, an aqueous solu- 
tion of the synthetic oligonucleotide is spotted onto an 
activated solid carrier to produce covalent bonding be- 
tween the oligonucleotide and the carrier surface. See 


1 

J 


-4- 

Ijamture, et al., Nucl. Acid^ Re^., 22, 2121-2125, 

1994, and Guo, Z. , et al., KTucl. Aqids Res,, 22, 5456- 
5465, 1994. CSenerally, the oligonucleotide is covalently 
banded to the surface activated carrier via a spacer or a 
5 cros 5 - 1 inXer . 

Also known is a process comprising the steps of 
aligning smU polyacryX amide gels on a glass plate and 
fixing synthethic oligonucleotides onto the glasg plate 
hy making a cova.lent bond between the polyacrylamide and 
10 the oligonucleotide (Yershov, G, , et al., Proc* Natl. 
Acad. Sci. USA, 94, 4913(1996)). Sosnowski, R.G. , et 
al,, Proc, Natl. Acad, Sci. USA, 94, 1119-1123 (1997) 
discloses a process corrprising the steps of an array of 
microelectrodes on a silica chip, forming on the micro- 
is electrode a streptoavidin-coirprising agarose layer, and 
attaching biot in-modified DNA fragmeat to the agarose 
layer by positively charging the agarose layer. Schena, 
et al., Proc- Natl- Acadl Sci. USA, 93, 10614-10619 
(1996) teaches a process oQTTprising the steps of prepar- 
20 ijig a suspension of an amino group-modif ied PCR product 

in SSC (i-e., standard sodium chloride -citric acid buffer 
solution) , spotting the suspension onto a slide glaps, 
incubating the spotted glass slide, treating the incubat- 
ed slide glass with sodium borohydride, and heating thus 
25 treated slide glass. 

As is explained above, most of the known methods of 
fixing a separately prepared DNA fragment onto a solid 
carrier utilize an electrostatic bonding or a covalent 
bonding such as described above. 
30 In any DNA chip having a separately prepared DNA 

fragment on its 'solid carrier, the DMA fragment should be 
firmly fixed onto the carrier, so as to perform smoothly 
hybridizarion between the fixed DNA fra,gment and a target 
DMA fragment coTrrplementary to the fi?ced DNA fragment. 

35 

Stl^MARY OP THE INVENTION 


It is an objeci: of the present inventiox; to provide 
axi improved, method for preparing a nucleic a,cid fragmerxt- 
detecting means by fixing separately produced nucleotide 
5 derivatives; to a solid carrier by covalent bonding-. 

The present invention resides in a method for fixing 
a plurality of nucleotide derivatives to a solid carrier 
which Gomprises bringing nucleotide derivatives having* a 
reactive group at each one terminal into contact with a 
10 solid carrier having thereon reactive groups in an aque- 
ous phase in the pre3ence of a transferase t^4aich*is capa- 
ble of producing a covalent bond by rearrangement: of the 
reactive group of the nucleotide derivative and the reac- 
tive group of the solid carrier. 

15 

BRIEF DESCRIPTION OF DRR3)JING5 

Pig. 1 schematically illustrates representative two 
nucleotide derivative -fixing methods according to tiie in- 
20 vent ion. 

Fig, 2 schemacically illustrates an oligonucleotide- 
fixing method performed in Exanple 1. 

DT^TA_TT.P^p PB?C7 RIBTI0KI OF_THE INVENTION 

25 

[Mechanism of Fixation of tfacleotide derivatives] 

In Fig. 1/ two typical mechanisms for fixing a nu- 
cleotide derivative (typically, oligonucleotide) to a 
solid carrier according to the invention are schemat-ical- 
30 ly illustrated. 

In Fig» 1, -NNNN-^.NN- ie an oligonucleotide moiety, 
L is a linking group, and Z is a covalent bonding site. 

According to the mechanism (1) , an oligonucleotide 
having a reactive group Y (doner) at one terminal is 
35 brought into contact with a solid carrier 1 having a 

reactive group X (acceptor) thereon, namely. (Al) / in the 
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presence of a transferase (TF) capable of transferring 
th,e doner Y, whereby producing a covalent bond between 
the doner Y and the acceptor X. Thus, the oligonucleo- 
tide is fixed to the solid carrier (B) . 
5 According to the mechanism (2) , an oligonucleotide 

having a reactive gxoup Y (acceptor) at one terminal is 
brought into contact with a solid carrier 1 having a 
reactive group X (donor) thereon, namely, (A2), in the 
presence of a transferase (TF) capable of transferring 
10 the doner X, whereby producing a covalent bofnd between 
the doner X and the acceptor Thus, the oligonucleo- 
tide is f i>;ed to rhe solid carrier (B) , 

[Solid Carrier] 

15 ThB solid carrier can be any of 3cnown solid carriers 

or their equivalent rnaterialS/ for instance, a glass 
plate^ a resiri plate, a metal plate, a glass plate cov- 
ered with polymer coat, a glass plate covered with metal 
coat, and a resin plate covered with metal coat. The 

20 metal plate or metal-coated plate is generally employed 
for conducting the electrochemical analysis. 

The solid carrier should have a plurality of reac- 
tive groups guch as the donors or acceptors X of Pig- 1, 
on its surface - 

25 The reactive group ^ particularly, a doner group 

preferably is amino, aldehyde, epoxy, or carbo^cyl. Par- 
ticularly preferred is an amino group. Tlae amino group 
can be placed on the carrier by processing tJae carrier 
with a silaxie- coup ling agent or coating an amine group- 

30 co?;itaining polymer (poly-cation) such as poly-L-lysine, 
polyethyleneimine, or polyalJcylamine . When the silane- 
coupling agent is enployed, the silane- coupling agent is 
fiJKed to the carrier via covalent -bonding- When the 
amine group - containing polymer is employed^ the polymer 

35 is fixed to the carrier by electrostatic bonding. 

Naturally/ the covalent -bondix^ is preferred from the 
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viewpoint of stable and reliable fixation. 

Exairples of the silane-coupling agents include Y" 
aminppropyltriethoxysilane, N-(i (amnoethyl) -Y^^^^nopro- 
pyltrimethoxysilane, and N-Maminoet3ayl) -Y-aminopropyl- 
5 metliyldimetUoxysilane. Mb3t prefezxed is Y^aminopropyl- 
trietlioxysxlane . 

A combination o£ processing a eolid carrier with a 
silaxie- coupling agent in combination ^>Jatli coating with a 
poly-cation is also err^jloyable . 

10 

[Nucleotide Derivative] 

The nucleotide derivatives to be fixed to the solid 
carrier can be oligonucleotides, polynucleotides, or 
peptide-nucleotides. The nucleotide derivatives may be 

15 DNA fragments. The nucleotide deriva.tive may be polynu- 
cleotide such as cDNA, a portion of cDNA, or EST. The 
polynucleotide is favorably errployed for studying gene 
expression. Otherwise, nucleotide derivatives to be 
fixed onto the solid carrier may be oligonucleotides, 

20 which are fa.vorably etnployed for studying variations and 
polymorphism of gene. The oligonucleotide to be fixed 
onto the solid carrier preferably is one of 3 to 50 mers, 
more preferably ID to 25 mers. 

The nucleotide derivative to be employed in the 

25 invention should have at its one termii^al a reactive 

group which works as a donor group or an acceptor group 
in the course of rearrangement reaction (or transferring 
reaction) in the presence of a transferase. If the reac- 
tive group is a doner group / it preferably is s^mino; 

30 carboxyl, acyl, or carbamoyl. Most preferred is an amino 
group - 

The reaotive group can be attached to the nucleotide 
derivative via. a linking group. The linking group pref- 
erably is an alkylene group or an N-alkylamino-alkylene 
35 groTJip. Preferred are a hexylene group and an N-methyl- 
amino-hesylene group. 
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[Trans f erase : TF] 

Trsoasferase preferably is an enzyme which catalyze3 
transfer of a group having one carbon atom. Examples of 
T:hes^ transferases include carboyl transferase and 
5 carbamoyl transferase. Also preferred is a transferase 
which catalyses transfer of an acyl group, such as 
aminpacyl transferase which may be amide transferase. 

Carboxyl transferase can be a convent ioi:ally em^ 
ployed peptide isynthesizing enzyme. Preferably employed 
10 is a crosS" linking enzyme which is produced by crystalli- 
zation of Thermoly^in originating from Bacillus thermo- 
proceolyticus or Bacillus lichenif ormis . 

Carbamoyl transferase preferably is ornithine trans- 
ferase - 

15 Aminoacyl transferase catalyzes transfer (or reac- 

tion or reaxTangement ) between amino of -CONH2 placed at 
Y -position of glutamine or p -position of asparagine and 
an amine of other corrpound- 

The resi-ction can be illustrated as follows: 

20 

(Nucleotide derivative) -L^-^CDMH^, + HgN-L?- (Carxier) 

(Nucleotide derivative) -L^-CONH-L^- (Carrier) -h NH;^ 

In nhe above -illustrated formulas, each of and 
2S stands for a linking group. 

Examples of the aminoacjyl transferase? include 
transglutaminase (i.e., D-glutamyl transferase, GT) and 
aspartyl transferase. D-glutamyl transferase can be pro- 

30 duced from animals, plants^ or microorganisms. For in- 
stance, D-glutaniyl transferase (GT) can be obtained from 
extracts taken from organs of mammals (preferably liver 
of marmot) (Connellan, et al. , Journal of Biological Chem- 
istry, 246, 4, 1093-109B, blood of mammals (Polk, et: al„, 

35 Advances in Protein Chemistry, 311-313 (1977) , or fascia 
of Ifelocyn thia roreczi (Japanese Patent Provisional 


Publication No. 6-30770) . GT also can be obtained from 
plants such as pea (obtained at cleaved site of shoot 
apex) after purification. Gt can be also obtained from 
microorganisms such as Bacillus subtilis after purifica- 
tion- Aspartyl transferase can be preferably obtained 
from ^^ycobacterium tuberculosis after purif ication. 

If tT-ansglutaminaee (GT) is enployed as the trans- 
ferase, Y of Figure i- (1) is a glutamine residue (i.e., 
glutairyl) , and the amino of Y-^^Tf^iclQ group of the gluta- 
mine residue^ is transferred. 

[Procedure of Fixation) 

The nucleotide derivatives to be fixed on the solid 
carrier are dissolved or dispersed in an aqueous solu- 
tion. Generally, the aqueous solution is once placed on 
a plastic plate having 96 or 384 wells, and then spotted 
onto a solid carrier using a spotting meari^. 

In ordejr to keep the spotted aqueous solution from 
evaporating, it is preferred- to add a high boiling-point 
coTcrpound to the aqueous solution containing nucleotide 
derivatives- The high boiling-point coirpoimd should be 
solxible in an aqueous medium, should not disturb hybrid- 
ization procedure, and preferably bag an appropriate 
viscosity- Examples of the high boiling-point corcpounds 
include glycerol, ethylene glycol, dimethylsulf oxide, and 
a hydrophilic polymer having a low molecular weight (typ- 
ically, in the range of lO^ to 10^) such ag polyacryl- 
amide, polyethylene glycol, or poly (sodium acrylate) . 
The high boiling-point ooTTTpound preferably is glycerol or 
ethylene glycol . The high boiling-point corrpound is 
preferably incorporated into an aqueous nucleotide de- 
rivative solution in an amount of 0.1 to 2 vol.%, partic- 
ularly 0.5 to 1 vol.%- Otherwise, the spotted aqueoug 
solution is preferably kept at under the conditions of a 
high humidity (such as 90%RH or more) and an ordinary 
teinperature (25 to 50'='C) . 


The a,qq.eous solution spotted onto the solid car- 
rier under the condition that each drop of the solution, 
generally has a volume of 100 pL to 1 ^iL, preferably 1 to 
100 nL. The nucleotide derivatives preferably spotted 
5 onto the solid carrier are in an amount of 10= to lOVcm^. 
In terms of mol., 1 to 10'^^ moles are spotted. In terms 
of weight, several ng or less of nucleotide derivatives 
are spotted. The spotting of the aqueous solution is 
made onto riie solid carrier to form several dots having 
10 almost the same shape and si^e. It is itnportant to pre- 
pare these dots to have the same shape and size, if the 
hybridization is quantitatively analyzed. Several dots 
are formed separately from each other with a distance of 
1.5 mm or less, preferably lOD to 300 /im. One dot pref- 
15 eprably has -a diame-cer of SO to 300 im- 

After the aqueous solution is spotted on the solid 
carrier, the spotted solution is preferably incubated, 
namely, kept for a certain period at room, temperature or 
under warming, so as to fix the spotted nucleotide deriv- 
20 atives onto the carrier. In the course of incubation, UV 
irradiation or surface treatment using sodium borohydride 
or a Shiff reagent may be applied. The UV irradiation 
under heating is preferably adopted. It is assumed that 
these treatments are effective to produce additional 
25 linkage or bonding between the solid carrier and the at- 
tached oligonucleotide derivatives. The free (nameXyr 
unfixed) nucleotide derivatives are crashed out wit];i an 
aqueous solution. Thus washed solid carrier is then 
dried to give a nucleotide derivative -fixed solid carrier 
30 (such as DNA chip) of the invent ion - 

The nucleotide derivative -fixed solid carrier of the 
invention is favorably employable for monitoring of gene 
expression, secjuencing of base arrangement of DlOA, analy- 
sis of mtation, analysis of polymorphism, by way of by- 
SB bridization- 
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[SaiTTple Nucleic Acid Ppragment Taxget] 

^ target DNA fragment or a sarnple DNA fragment, 
wtdLch is subjected to the analysis concerning the pres- 
ence of a corr^leTueLiitary D3SIA fragment can be obtained from 
various oxig'ins. In the analysis of gene, the target D^3A 
fragment is prepared from a cell or tissue of eucaryone. 
In the analysis of genome, the target DNA fragment is ob- 
tained from tissues other th^ erythrocyte. In the anal- 
ysis of mRNA, the target sauTple is obtained from tissues 
in which mRNA is e>qpressed- If the PNA cliip has an oli- 
gonucleotide fixed in its soiid carrier^ the target DNA 
fragment preferably has a low molecular weight, The 
target DN?^ may be multiplied by PGR method. 

To the 'taxget DNk fragment is attached an RI label 
or a non-RI label by a known method. The non-RI label is 
preferably utilized. Exanples of the non-RI labels in- 
clude fluorescence label, biotin label, and chemical 
luminescence label. The fluorescence label is most pref- 
erably employed. Examples of the fluorescence labels 
include cyanine dyes (e.g., Cy3 and CyS belonging to Cy 
Dye^ series) , rhodamine 6G reagent. N-acetoxy-3SP-acetyl- 
aminofluorena (AAF) , and AAIP (iodide derivative of aap) . 
The target 03: gairple DNA. fragments labelled with dif fer- 
en.t fluorescence indicators can be simultaneously ana- 
lysed/ if the fluorescence indicators have fluorescence 
spectrum of different peaXs. Also employable is an 
electroGonductive levels 

[Hybridization] 

The hybridization is performed by spotting an aque- 
ous saitple solution containing a tajrget DNA fragment onto 
a DNZ^. chip. The spotting is generally done in an amount 
of 1 to 100 nL. The hybridization is carried out by 
keeping the DNT^ chip having the spotted sanple solution 
thereon at a temperature between room temperature and 
70"=*^ for 6 to 20 hours. After the hybridization is 


-12- 

GOirrplete, the DNA chip is washed witii an aqueous buffer 

solution containing a surface active agents to retnove a 
£ree (-unfixed) sainple DNA fragment. The sirrface active 
agent: preferably is sodium dodecylsulfonate (SDS) - The 
5 buffer solution may be a citrate buffer solution, a phos- 
phate buffer solution, a borate buffer solution, Tris 
buffer solution, or Goods buffer solution- Tihe citrate 
buffer solution i^ preferably errployed. 

The hybridisation on the DNA chip is characteristic 
10 in that an e^remely small amount of the sample' or target 
DNA fragment is subjected to the analysis. In order to 
perform the desired hybridization appropriately, optimum 
conditions should be determined, 

15 The present invention is further described by the 

following e^^amples. 

Example 1 

CE>:arnple 1 — Preparation of DNA chip] 

The process for preparing a DNA chip utilizred in 
20 this exattple is illustrated in Fig. 2. In Pig. 2, a 

slide glass is indicated by number 1/ and GT means D- 

glutatiiyl trsjisf erase - 

A slide glass (25 mm x 75 mm) was immersed in an 

ethanol solution of 2 wt.^ aminoprppyltrietho>:ysilane 
25 (available from Shin-etsu Chemical Industries, Co,, Ltd.) 

for 10 mimtes. Subsequent: ly, the slide glass was taken 

out, washed with ethanol, and dried at 110°C for IQ min, 

Thus^ a silane coupling agent - treated slide glass (A3 wa^ 

prepared, 

30 A nucleotide oligomer (3 ' -CTAGTCrGTGAAGTGTCTGKrc-S ' , 

22 mers) having L-glutamylglycine at 3 ^ -termii:ial and a 
fluorescent label (FluoroLinJc, CyS-dCTP, available from 
AzTBsham Pharmacia Biotec Corp.) at 5* -terminal and D- 
glutamyl tr^sf erase (Oriental Yeast Co., Ltd^ llU) were 

35 dispersed in l ptL of an acspieous solution containing a 
triacetate buffer (300 ttM, pH S.O) at l x 10"^. 
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The resulting aqueous dispersicori wae spotted onto 
the silane coupling agent-treated slide glass (A) ob- 
taii>ed ahov^, and this was ixnmediately kept at 
90%RH/ for one hour. Thus treated slide glass was then 
5 washed successively twice w±zh. a mi^Ctx^re of aqueous O.X 
wt-% 2DS (sodium dodecylsulfate) solution and aqueous 
2xSSC solution (obtained by doubly diluting standard 
sodium chloride- citrate buffer solution (SSC) ) , once with 
the aqueous 2xSSC solution, and finally with distilled 

10 water- Thu^ t^7ashed glass slide was dried at room tem- 
perature^ tp give the desired DISIA chip (B) . 

The fluorescence strength of the DMA chip (B) was 
measured using a fluorescence scanning apparatus. The 
fluorescence strength was 923. The fluorescence strength 

15 is well higher than a fluorescence strength 352 which was 
measured in a con'^entional DNA chip in which an oligonu- 
cleotide was fixed by electrostatic force. This mean^ 
that the oligonucleotides are well fisced to the slide 
glass - 

20 

[Exanple 2 Detection of sample DNA. fragments] 

(1) Preparation of DNA. chip 

The procedures of Example 1 were repeated except for 
not attaching the fluorescent label to the 5 '-terminal, 
25 to prepare a DISIA chip (B * ) - 

(2) Detection of satrple DNA fragments 

Target DNA fragments (QATCAGACACITCACAGACrAG-5 ^ 22 

mers) which had the fluorescent label CyS-dLCTP at 5 ^-ter- 
minal was dispersed in 20 fXh of. an agueoup hybridisation 

30 solution (mixture of 4xSSC and 10 wt.% SDS solution) was 
spotted on the DNA chip (B ' ) - The upper surface of the 
sported solution was covered with a cover glass (for 
microscopic use) and then this was incubated in a mois- 
ture chamber at S0°C for 20 hours. Thus treated DNA. chip 

35 was washed successively with a mixture of aqueous 0<1 
wt*^ SDS solution and aqueous 2xSSC solution^ a mixture 
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of aqueous 0,1 wt-% SDS 3olution aiid aqueous 0.2xSSC 
solutiou, and an aqueous 0.2xSSC solution. Thus washed 
DNA chip XftTas centrifuged at 600 rpm for 20 seconds and 
thjsn dried at room tenrperatiure , 
5 The fluorescence strength of the DNA chip having 

been s-ubjected to hybridization was measured using- a 
fluorescence scanning apparacus- The fluorescence 
strength wag SS8- This means that: the target: DNA frag- 
msiLts are well fixed to the DNA chip (B ' ) . 


t. 
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What is cla imed is .- 

1, A n\ethod for fixing a plurality of nucleotide 
5 derivatives to a solid carrier which conprises bringing 

nucleotide derivatives liaving a reactive group at each 
one terminal into contact with a solid carrier having 
thereon reactive groups in an acjueous phase in the pres- 
ence of a transferase which is capable of producing a 
10 covalent bond by rearrangement of the reactive group of 
the nucleotide derivative and the reactive group of the 
eolid carri<>r- 

2. 11.16 method of claim l, wherein the nucleotide 
15 deriva-tivee are these selected from the group consisting 

oligonucleotides, polynucleotides, and peptide -nucleic 
acids - 

3- Tl.ie inethod of claim 1/ wherein the transferase 
20 is selected from the group consisting of carboxyl trans- 
ferase, carbamoyl transferase, and aminoacyl traxisf erase . 

4- The method of claim 1, wherein the reactive 
group of th^ nucleotide derivative or the solid carrier 

25 is ^elected from the group consisting of amino, carboxyl^ 
acyl, and carbamoyl, 

5, The method of claim 1/ wherein the reactive 
group of th(? nucleotide derivative or the solid carrier 
30 is selected from the group consisting of amino, aldehyde, 
epoxy, and carboxyl. 

6- "The method of claim 1^ wherein the reactive 
group is attached to the nucleotide derivative via a 
35 linkixig group- 
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7. The method of claim 6, wj^erein the linking 
group is an allcylene group or an N-alteylamino-alkylene 
group. 

5 8. Tht-e method of claim 1, wherein the reactive 

group of the^ nucleotide derivative is y -amide group of a 
glutaminyl noiety attached to the nucleotide derivative, 
the reactive group of the aolid carrier is an amino group 
attached to the carrier, and the transferase is trans - 
10 glutamina^e - 

9. Tlie method of claim B, wherein the amino group 
is attached to the solid carrier by bringing a si lane 
coupling ag^nt into contact with the carrier. 

15 

10. Tl:^ method of claim 1, wherein the solid carri- 
er is selected from a glass plate, a resin plate, a metal 
plate, a glass plate covered with polymer coat, a glas^ 
plate covered with metal coat, and a resin plate covered 

20 with metal coat, 

11. A nucleotide derivative -fixed solid carrier 
which is produced by the method of claim 1, 

25 1^ . A process of fixing corrplementary nucleic acid 

fragrnents contained in a sample liquid to a solid carrier 
which coiTTprises the steps of: 

bringing a sarrple liquid containing labelled nucleic 
acid fragments into contact with a nucleotide derivative- 

30 attached solid carrier of claim 11. whereby labelled nu- 
cleic acid fragments cotnplementary to the nucleotide 
derivative ^ixed to the carrier are combined with the 
nucleotide derivative by hybridization; and 

removin.g not-combined labelled nucleic acid frag- 

35 ments from the solid carrier- 
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10 ABSTRACT OP THE DISCLOSURE 


A DN?V chip or its analogue aornposed of nucleotide 
derivatives attached to a solid carrier is prepared by 

15 TTiethod of bringing nucleotide derivatives havdjag^ a xeac^ 
tive group at each one terminal into contact with, a solid 
carrier having thereon reactive groups in an aqueous 
pfciase in the presence of a transferase which is capable 
of producing a covalent bond by rearrangement of the re- 

20 active group of the nucleotide derivative and the reac- 
tive group ol: the solid carrier. 


25 
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